METHOD FOR SCREENING TRANSCRIPTIONAL COREGULATORY PROTEINS OF 
TRANSCRIPTION FACTORS, AND ANDROGEN RECEPTOR TRANSCRIPTIONAL 
COREGULATORY PROTEINS AS TARGETS FOR ANDROGEN RECEPTOR-DEPENDENT 

DISEASES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application claims the benefit of priority 
from U.S. provisional applications 60/191,768, filed March 24, 
2000, and 60/225,618, filed August 15, 2000, the entire contents 
of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a method for screening 
transcriptional coregulatory proteins of transcription factors, 
to androgen receptor transcriptional coregulatory proteins 
(coactivators and corepressors ) , and to the use of androgen 
receptor transcriptional coregulatory proteins as targets for 
screening compounds that disrupt the interaction between androgen 
receptor and such coregulatory proteins. 

Description of the Related Art 

[0003] The androgen receptor- (AR) is a member of the steroid 
receptor (SR) family of transcriptional regulatory proteins that 
transduces the signaling information conveyed by androgens (Chang 
et al., 1995 and Wilson et al . , 1991). Upon androgen binding, 




the androgen receptor is released from the repressive effects of 
an Hsp90-based regulatory complex, allowing the receptor to 
either activate or inhibit transcription of target genes in a 
hormone-dependent manner (Suina et al., 1996; Fang et al., 1996; 
Fang et al . , 1998; Picard et al . , 1990; Segnitz et al., 1997; 
Jenster et al. , 1991; and Jenster et al., 1992). In addition to 
the role the androgen receptor plays in male sex determination, 
activation of the receptor also mediates normal prostate 
development and malignant growth by regulating genes involved in 
cellular proliferation (Brinkmann et aP. , 1992; Doxkin et al., 
1997; Hakimi et al . , 1996; Trapman et al., 1996 and Jenster et 
al . , 1999). For example, activation of the androgen receptor is 
not only responsible for male sexual development, it also plays a 
critical role in the development and progression of benign 
prostate hyperplasia, prostate cancer, and hair loss. The 
androgen receptor controls gene expression through binding with 
critical transcriptional regulatory proteins ( coact i vators and 
corepressors ) that, in turn, allow the androgen receptor to 
"switch on" or "switch off" genes important for malignant 
prostate cell growth, benign prostate hyperplasia, and androgen- 
dependent hair loss. 

[0004] The mechanisms underlying the specificity of androgen 
receptor regulation of gene expression remain enigmatic. 
Although the DNA binding domain of androgen receptor is highly 
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conserved among steroid receptors and recognizes the same hormone 
response element as does the glucocorticoid receptor, recent 
evidence suggests that the androgen receptor cell- and promoter- 
specific transcriptional response is generated through 
interactions with regulatory proteins termed coactivators and 
corepressors (Scheller et al., 1998 and Cleutjens et al., 1997). 

[0005] For example, agonist binding to the androgen receptor 
C-terminal activation function (AF-2) promotes a conformational 
change and the formation of a surface for protein-protein 
contacts between AF-2 and additional transcriptional regulatory 
factors, which in turn modulate the transcriptional activity of 
target genes (Onate et al . , 1995; Smith et al., 1996; Li et al., 
1997; Chen et al., 1997; Torchia et al., 1997; Hong et al., 1997; 
Voegel et al . , 1996; Kang et al., 1999 and Yeh et al . , 1996). 
Since the growing number of steroid receptor coactivators and 
corepressors appear to function widely across the steroid 
receptor family with conserved regions of AF-2 (Glass et al . , 
2000) , it is unlikely that these factors alone influence receptor 
specificity. In contrast, the N-terminal transcriptional 
regulatory regions of steroid receptors, which are diverse 
throughout the family, may represent an important determinant of 
steroid receptor specificity, conceivably by recruiting distant 
coregulators . Indeed, Hittelman et al. recently identified 
DRIP150 as a glucocorticoid receptor (GR) N-terminal coactivator 
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that does not interact with the N-termini of other steroid 
receptors, including androgen receptor (Hittelman et al . , 1999). 
However, the mechanisms of transcriptional activation by the 
androgen receptor N-terminus are not understood, and proteins 
that specifically associate with it remain largely 
uncharacterized. 

[0006] Regions of the androgen receptor N-terminus important 
for transcriptional activation have been identified by expressing 
and analyzing receptor deletion derivatives or fusion proteins in 
mammalian cells and in cell-fre'e systems/ At least two distinct 
activation domains with the androgen receptor N-terminus have 
been identified, AF-la (residues 154-167) and AF-lb (residues 
295-259), both of which are required for full transcriptional 
activation mediated by the receptor (Chamberlain et al., 1996). 
The androgen receptor N-terminus (residues 142-485) has also been 
shown to activate a minimal promoter construct in a cell-free 
transcription system and to selectively interact with the 
transcription factors TFIIF and the TATA-Binding Protein, 
suggesting a direct contact with the general transcription 
factors (McEwan et al., 1997). Protein-protein interaction 
studies have recently suggested contacts between the androgen 
receptor N-terminus and the TATA-element Modulating Factor (TMF) , 
or ATA160, which increase androgen receptor transcriptional 
activity when overexpressed in certain cell types (Hsiao et al . , 
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1999) . Interestingly, a number of prostate cell lines display 
elevated androgen receptor-dependent transcriptional activation 
relative to nonprostatic cell lines, and the androgen receptor N- 
terminus appears responsible for this enhanced receptor activity 
(Gordon et al., 1995). These findings suggest the existence of 
androgen receptor coregulators that modulate transcriptional 
activation by androgen receptors through the N-terminal 
activation domain in prostate epithelial cells. 

[0007] At present, androgen receptor activity can only be 
altered by removing the hormone, -testosterone, by surgical or' 
pharmacological means. Unfortunately, this approach is often 
short-lived, with androgen-expressing cells "learning" to grow in 
the absence of testosterone. Once this has occurred, there is no 
effective treatment for androgen-dependent afflictions. 

[0008] Citation of any document herein is not intended as an 
admission that such document is pertinent prior art, or 
considered material to the patentability of any claim of the 
present application. Any statement as to content or a date of 
any document is based on the information available to applicant 
at the time of filing and does not constitute an admission as to 
the correctness of such a statement. 
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SUMMARY OF THE INVENTION 

[0009] The present invention provides a method for screening 
and isolating transcriptional coregulatory proteins of 
transcription factors, such as the ARTs of the androgen receptor, 
using a novel "reverse" yeast two hybrid system with a first 
hybrid protein as bait and a library of second hybrid proteins as 
prey and screening for the ability to interact with an activation 
domain of the first hybrid protein as a transcriptional 
coregulatory protein . 

[0010] The present- "invention also provides a new class of 
androgen receptor transcriptional coregulatory proteins termed 
ARTs (for Androgen Receptor Trapped) by the present inventors, 
that interact with the androgen receptor N-terminus, and the DNA 
encoding such ART proteins . 

[0011] The present invention further provides for a molecule 
having the binding portion of an antibody capable of binding to 
an ART and for an antisense oligonucleotide complementary to the 
DNA encoding ARTs. 

[0012] Another aspect of the present invention relates to a 
method for treating androgen-dependent diseases by administering 
an effective amount of a molecule having the binding portion of 
an antibody capable of binding to an ART. 

[0013] Further aspects of the present invention relate to a 
method of screening for and identifying inhibitors that disrupt 
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the interaction between androgen receptor 
inhibitor obtained by this method, and to 
the interaction between androgen receptor 



and an ART, to an 

a method for inhibiting 

and an ART. 



BRIEF DESCRIPTION OF THE DRAWING 

[0014] Figures 1A and IB show the results of the modified 
yeast two-hybrid screen for androgen receptor N-terminus- 
interacting factors. Figure 1A shows quantitative analysis of 
ART interactions with androgen receptor N-terminus and Figure IB 
shows the specif icity f * of- androgen receptor-ART interactions. ^ ' 

[0015] Figure 2 shows ART mRNA expression in prostate cancer 
cells and in human tissues by hybridization to ART-37, ART-27, 
and ART -5 probes. 

[0016] Figures 3A and 3B shows subcellular localization of 
ART-27 by indirect immunofluorescence using anti-FLAG primary 
antibody and rhodamine conjugated secondary antibody (Fig.3A) and 
Hoechst fluorescent dye H334211 (Fig.3B). 

[0017] Figure 4 shows immunoblotting with nuclear extracts 
derived from different indicated cell types using an ART-27- 
specific polyclonal antibody. 

[0018] Figure 5 shows interaction of ART-27 with androgen 
receptor In vitro as resolved by SDS-PAGE and visualized by 
autoradiography . 
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[0019] Figures 6A and 6B show a quantitative analysis by 
immunoblot of the domains of androgen receptor and ART-27 
mediating interaction . 

[0020] Figure 7A and 7B show that ART-27 enhances androgen 
receptor ligand-dependent and -independent transcriptional 
activation . 

[0021] Figure 8 shows an ART-27 C-terminal deletion derivative 
(1-127) that fails to interact with androgen receptor is unable 
to enhance androgen receptor transcription activation. 

[0022]*' Figure- 9A-shows that the effect of ART-27 on androgen" *- 
receptor transcription activation depends on the androgen 
receptor-interacting region and Figure 9B presents results of a 
parallel set of transf ections analyzed by immunoblotting . 

[0023] Figure 10 shows that ART-27 overexpression enhances 
androgen receptor ligand potency. 

[0024] Figures 11A and 11B show that ART-27 enhances GR 
(Fig.llA) and ER (Fig.llB) alpha-dependent transcriptional 
activation . 

[0025] Figure 12 shows transcriptional activation of ERa or 
ERp by ART 2 7 in U20S cells. 

[0026] Figures 13A and 13B show ART-27 expression in matched 
normal (N) and tumor tissues (T) for a short exposure (Fig.l3A) 
or for a long exposure (Fig.l3B). 
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[0027] Figure 14 shows Western blot analysis of the regulation 
of ART-27 protein expression in a rat androgen-depletion model 
with antibodies to PCNA, clusterin, ART-27 or MAP kinase (MAPK) 
antibodies . 

[0028] Figures 15A and 15B show expression pattern of 
endogenous ART-27 in human prostate using immunohistochemical 
analysis with affinity purified ART-27 antibody (Fig. ISA) and 
staining (Fig. 15B) . 

[0029] Figure 16 shows immunoblot analysis of ART-27 protein 
expression ' ; in w primary human stromal or epithelial cells': ** ' 

[0030] Figure 17 shows a schematic representation of a 
conventional yeast two hybrid system. 

[0031] Figure 18 shows a schematic representation of a 
preferred embodiment of the method using the reverse yeast two 
hybrid system according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0032] The present inventors have developed an innovative 
reverse yeast two hybrid system that is generally applicable as a 
method for screening and isolating transcriptional coregulatroy 
proteins of transcription factors based on protein-protein 
interaction as one aspect of the present invention. This method 
according to the present invention provides a distinct advantage 
over the conventional yeast two hybrid system because it can be 
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used even when the proteins screened as bait have an activation 
domain that shows strong transcriptional activity in yeast. 

[0033] The yeast two hybrid system is a powerful method for 
identifying protein-protein interactions. A schematic 
representation of the conventional yeast two hybrid system is 
presented in Figure 17. Two hybrid proteins, a "bait" and a 
"prey", are generated. The bait hybrid protein is composed of a 
protein X fused to a DNA binding domain (DBD), whereas the prey 
hybrid protein is composed of proteins Y fused to a 

^transcriptional activation domain (AD) . For this -system v to work/ 
the bait alone cannot activate transcription of the DNA encoding 
the reporter (e.g., Leu2, LacZ). If interaction of protein X and 
Y occurs, a functional transcription activator is generated and 
results in the transcription of DNA encoding the reporter 
proteins that confer the Leu + and LacZ + (blue) phenotype. 
Proteins that intrinsically activate transcription or any protein 
containing an activation domain which shows strong 
transcriptional activity in yeast when fused to a DNA binding 
domain, such as the N-terminal transcriptional activation domain 
of androgen receptor (AR) , are unsuitable as bait in a 
conventional yeast two hybrid screen and therefore cannot be 
studied by this conventional method. This is the reason the 
conventional yeast two hybrid system is precluded from being used 
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to identify transcriptional coregulatory proteins that interact 
with transcription factors such as AR. 

[0034] Using the AR as the transcription factor, in particular 
the N-terminal activation domain of AR which is transcriptionally 
active in yeast, the present inventors modified the conventional 
yeast two hybrid system and developed an innovative "reverse" 
yeast two hybrid system that allows for selection of proteins 
that interact with transcription factors to isolate 
transcriptional coregulatory proteins. In this approach, the AR 
-"bait" is created by fusing the N-terminal- transcriptional ■* 
activation domain to a heterologous transcriptional activation 
domain and the library of "prey" is created by fusing proteins 
encoded by the cDNA library to a DNA binding domain (rather than 
to a transcriptional activation domain as is done in a 
conventional yeast two hybrid system) . The DNA binding domain- 
linked library is then screened for interaction with proteins 
that are transcription factors. 

[0035] An embodiment of the reverse yeast two-hybrid system 
used to identify potential AR interacting proteins according to 
the method of the present invention is shown in Figure 18. N- 
terminal residues 18 through 500 of AR were fused to the B42 
activation domain (AD) in a galactose-inducible expression vector 
as bait. An androgen-stimulated LNCaP (an androgen dependent 
prostate cancer cell line) cDNA library was fused to the LexA DBD 
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and transformed into yeast cells that expressed the ARis-soo _ AD 
fusion and contained the Lex-operator :: LEU2 and Lex- 
operator :: LacZ reporter genes. Potential interacting proteins 
were selected by plating the cDNA library-containing 
transf ormant s onto galactose plates lacking leucine and 
containing the chromogenic substrate X-gal. Because some library 
plasmids may express intrinsic activation domains, rendering them 
transcriptionally active when fused to DBD (a majority of the 
colonies contained cDNAs that encode an activation domain, i.e., 
self -activator false positives, rather than*an AR-interacting 
protein) , a second screen was used to eliminate the self- 
activating false positives. Colonies that grew on galactose in 
the absence of leucine and expressed LacZ (i.e., blue) were 
replica-plated onto glucose containing X-gal plates. Since the. 
expression of the AR bait is under the control of the galactose- 
inducible, glucose-repressible Gall-10 promoter, potential 
interactors are blue on galactose (conditions where the AR bait 
is expressed) , but white on glucose-X-gal plates (media where AR 
is not expressed) , whereas false positives are blue on glucose, 
under which no AR is produced. Clones that activated 
transcription only in the presence of bait expression (i.e., 
galactose) were saved, whereas proteins that activated 
transcription on both glucose and galactose plates were discarded 
as false positives. 
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[0036] The method for screening and isolating transcriptional 
coregulatory proteins of transcription factors according to the 
present invention, of which the above embodiment using androgen 
receptor as the transcription factor is a preferred embodiment, 
is generally applicable to transcription factors and can be 
performed with any suitable transcription factor including, but 
not limited to, nuclear receptors and steroid receptors. Non- 
limiting examples of steroid receptors include human estrogen 
receptor alpha (Green et al., 1986), human estrogen receptor beta 
(Ogawa et al . , 1998), and human 1 progesterone receptor (PR; *■ 
Kastner et al . , 1990); however, it is intended that 
glucocorticoid receptor, a steroid receptor, be excluded and is 
therefore not comprehended by the transcription factors for use 
in the method of the present invention because glucocorticoid 
receptor is disclosed in Hittelman et al . (1999). Non-limiting 
examples of nuclear receptors, which are not steroid receptors, 
include retinoic acid receptor alpha (RAR-alpha; Giguere et al . , 
1987), thyroid hormone receptor alpha (TR-alpha; Nucleici Acids 
Res. 15(22): 9613, 1987), peroxisome proliferative activated 
receptor gamma (PPAR-gamma; Elbrecht et al . , 1996), and vitamin 
D3 receptor (VDR; Baker et al; 1988). Also comprehended are 
those transcription factors which are not steroid or nuclear 
receptors, such as NF-kappa B (p65; Nolan et al., 1991) and p53 
(Harlow et al . , 1985) . 
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[0037] Even though in the preferred embodiment the activation 
domain of AR was identified and the N-terminal portion containing 
the activation domain was used in the hybrid bait protein, 
knowledge of the location of an activation domain is not needed a 
priori in order to practice the general screening method for 
transcriptional coregulatory proteins according to the present 
invention. Indeed, the entire transcription factor can be used 
to perform the screen, in order to obtain all the potential 
interacting proteins, and then deletion mutants of the 
transcription factor can-be used to identify the regions of the 
transcription factor the interacting proteins interact with. 
This was the manner in which the laboratory of the present 
inventors used to obtain transcriptional coregulatory proteins 
that interact with estrogen receptor alpha and beta. 

[0038] The method for screening and isolating transcriptional 
coregulatory proteins of transcription factors using the reverse 
yeast two hybrid system according to the present invention 
involves : 

. [0039] fusing a DNA encoding a first transcription factor or a 
fragment thereof containing a first transcriptional activation 
domain, which first transcription factor is not a glucocorticoid 
receptor, to a DNA encoding a second transcriptional activation 
domain to form a DNA encoding a first hybrid protein as bait on a 
first yeast expression vector, wherein the expression of the 
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first hybrid protein formed of the first transcription factor or 
fragment thereof and the second transcriptional activation domain 
is under the control of a promoter which is inducible in a yeast 
host cell; 

[0040] fusing a cDNA from a cell-specific or tissue-specific 
cDNA library to a DNA encoding a DNA binding domain of a second 
transcription factor to form a DNA encoding a second hybrid 
protein as prey on a second yeast expression vector for 
expression in a yeast host cell; 

[0041] fusing *a -DNA -encoding .a reporter protein to a DNA 
containing a promoter and a DNA response element, which is the 
cognate DNA response element for the DNA binding domain of the 
second transcription factor, to form a reporter gene construct, 
wherein the expression of the reporter protein is under the 
control of the promoter and the DNA response element ; 

[0042] transforming auxotrophic yeast host cells with the 
first yeast expression vector containing the DNA encoding the 
first hybrid protein as bait, the second yeast expression vector 
containing the DNA encoding the second hybrid protein as prey, 
and the reporter gene, together or separately in any order, to 
generate transformed yeast host cells, wherein the auxotrophic 
yeast host cells carry a DNA encoding a protein capable of 
overcoming the auxotrophy of the auxotrophic yeast host cells, 
the expression of which protein is controlled by a promoter and a 
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DNA response element which is the cognate DNA response element 
for the DNA binding domain of the second transcription factor; 

[0043] inducing the expression of the first hybrid protein in 
the transformed yeast host cells with an inducer; 

[0044] first screening the transformed yeast host cells for 
the ability to grow on a culture medium lacking a growth- 
sustaining component required to complement or overcome the 
auxotrophy of the auxotrophic yeast host cells and for the 
ability to express the reporter protein; 

[0045]' screenings transformed yeast host cells, which wexe-v* 
observed in the first screening to have the ability to grow on a 
culture medium lacking a growth-sustaining component required to 
complement or overcome the auxotrophy of the auxotrophic yeast 
host cells and the ability to express the reporter protein, for 
the inability to express the reporter protein in the absence of 
the inducer; and 

[0046] isolating a transformed yeast host cell identified as 
being able to express the reporter protein in the presence of 
inducer but unable to express the receptor protein in the absence 
of inducer to further isolate a transcriptional coregulatory 
protein of the first transcription factor and/or its encoding 
DNA . 

[0047] As discussed above, the first transcription factor may 
be any transcription factor including nuclear receptors and 
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steroid receptors with the proviso that it is not glucocorticoid 
receptor . 

[0048] A DNA response element, such as the LexA DNA response 
element used in the preferred embodiment, also commonly known and 
referred to in the art as upstream activating sequence, enhancer, 
or operator, and its cognate DNA binding domain are well 
understood by those of skill in the art of transcriptional 
regulatory elements/sequences and transcriptional activators. 
These same skilled* artisans would recognize what other suitable 
DNA response element and cognate DNA binding domain' can be— us'ed 
in the present invention. 

[0049] It will also be appreciated by those of skill in the 
art that there are many known and well characterized promoters 
that can suitably be used as the promoter which is inducible by 
an inducer in yeast. Preferably, the inducible promoter is 
tightly regulated such that it is only active in the presence of 
inducer, without being "leaky" in the absence of inducer. 
However, as would be recognized by those of skill in the art, 
even "leaky" inducible promoter may be suitable, as long as the 
level of promoter activity in the absence of promoter is low or 
negligible, i.e., less than 10-20% of the inducible level. A 
particularly preferred promoter is the galactose (Gal 1-10) 
promoter because, not only is it galactose-inducible, it is 
highly active in the presence of galactose as inducer but 
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inactive (tightly repressed) in the presence of glucose as 
repressor. 

[0050] While the preferred reporter protein is p-galactosidase 
because it is widely used with X-gal as a chromogenic substrate 
and it is so well-characterized, there are many other well known 
reporter protein that can also be suitably used in the method of 
the present invention as would be recognized by those of skill in 
the art. 

[0051] Similarly, with auxotrophic (i.e., Leu") yeast host 
"cells "and - the protein capable of overcoming the' auxotrophy (i.e./ 
Leu2), suitable auxotrophic markers and the proteins that are 
capable of complementing them and overcoming the auxotrophy are 
well known in the art and would be well recognized by those of 
skill . 

[0052] The method for screening and isolating transcriptional 
coregulatory proteins of transcription factors according to the 
present invention can use cDNA libraries made from a distinct 
cell or tissue type to identify cell- or tissue-specific 
transcriptional coregulatory proteins that interact with 
transcription factors. For instance, androgen receptor cof actors 
specific to hair can be identified by using a library generated 
from dermal papilla cells (hair producing cells that AR 
regulates ) . 
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[0053] As another preferred embodiment of the method for 
screening and isolating transcriptional coregulatory proteins, 
the present inventors applied the method to estrogen receptor 
(ER) alpha as the transcription factor. The N-terminal 
activation domain of ER is transcriptionally active in yeast and 
cannot be used as a "bait" protein in a conventional yeast two- 
hybrid screen. To circumvent this problem, the present inventors 
utilized a modified yeast two-hybrid approach that is capable of 
isolating proteins that interact with transcriptional activators . 
"Human ER alpha (residues 1-595) subcloned into a— galactose- 
inducible expression vector (pJG 4-5) , is expressed as a hybrid 
protein fused to an acidic B42 transcriptional activation domain 
("the bait") . A Hela cell cDNA library cloned into a yeast 
expression vector (pEG 202) is linked to the LexA DBD ("the 
prey") and represents -lxlO 7 cDNAs. The auxotrophic yeast strain 
EGY 188 (trpl his3 ura3 leu2), with a chromosomally integrated 
LexA-responsive LEU2 reporter sequence is transformed with 1) the 
ER bait, the 2) library prey, and 3) a LexA-responsive |3- 
galactosidase (LacZ) reporter sequence. Library proteins that 
interact with ER (bait-prey interactions) serve to reconstitute 
transcription and activate LEU2 and LacZ reporter gene 
expression. Expression of the Lex operator-linked LEU2 reporter 
allows for auxotrophic EGY 188 cells to grow in the absence of 
leucine, while p-galactosidase cleaves the chromogenic substrate 



- 19 - 



X-gal, causing the colonies to appear blue. Glucose represses 
the galactose-inducible promoter, inhibiting production of the ER 
bait protein. The library was transformed into the strain 
containing ER and selected for colonies that grew and were blue 
on galactose, leucine-def icient X-gal plates. Colonies that were 
blue on galactose X-gal plates, and white on glucose X-gal 
plates, where no ER is produced, were further analyzed. Using 
this approach, a number of proteins that interact with ER N- 
terminal activation domain were identified. Proteins that 
interact with the ER N-terminal -amino acids- 1-115 were subjected 
to an additional screen to identify proteins that specifically 
associate with ER AF-1. 

[0054] Through the innovative reverse yeast two hybrid screen, 
the present inventors have identified a new class of proteins 
termed Androgen Receptor Trapped proteins, or ARTs, that interact 
with the N-terminus of the androgen receptor. Using a series of 
experiments that allows prioritization of the proteins with 
respect to androgen receptor transcriptional activation, three 
ART proteins (ART-5, ART-27 and ART-37) have been identified 
which are important for androgen receptor regulation. All three 
ART proteins interact strongly with the androgen receptor. In 
addition, ART-27 and ART-5 increase androgen receptor-dependent 
transactivation when overexpressed in cultured mammalian cells. 
Furthermore, ART-27 maps to a region of the X-chromosome 
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amplified in a subset of hormone refractory prostate cancers, 
suggesting that overexpression of ART-27 may play a role in 
prostate cancer. Overexpression of ART-27 not only affects 
ligand efficacy (maximal activation levels at saturating hormone 
concentrations), but also ligand potency (responding to lower 
concentration of androgen) , indicating that ART-27 plays a key 
role in determining the sensitivity and activity of androgen 
receptor to androgen in target cells. Preliminary results in a 
rat model of androgen-dependent prostate growth demonstrate that 
the expression of ART-27 protein' is --dramatically reduced 
following androgen withdrawal, but is abundant when androgens are 
available. This suggests that ART 2 7 is regulated by androgens 
and plays a vital role in AR-mediated transcription and cell 
growth. 

[0055] Based on the above discovery, one aspect of the present 
invention relates to novel proteins, identified and isolated 
using a reverse yeast two hybrid system, which interact with 
androgen receptor (particularly near the N-terminus) as androgen 
receptor transcriptional coregulatory (i.e., coactivator) 
proteins, and is modified from the conventional yeast two hybrid 
system used in the art. These novel proteins, termed ARTs, 
contain the amino acid sequence of SEQ ID NO: 4 (ARTS), SEQ ID 
NO: 6 (ART 3 7 ) , SEQ ID NO : 8 (ART 6) , or SEQ ID NO:10 (ART2). Also 
included in this aspect of the present invention are variants of 
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such ARTs which have at least 85% sequence identity, preferably 
90% sequence identity and more preferably 95% sequence identity, 
to any one of the amino acid sequences of SEQ ID NO: 4, SEQ ID 
NO: 6, SEQ ID NO : 8 , or SEQ ID NO: 10 and which retain the property 
of interacting with androgen receptor as androgen receptor 
transcriptional coregulatory proteins . Common amino acid 
sequence alignment programs can be used for calculating such high 
levels (85%, 90%, 95%) of sequence identity because the 
difference in alignment and calculated % identity between 
different computer * programs 'would be negligible at such high 
levels of sequence identity. 

[0056] Fragments of the ARTs as well as fragments of the ART 
variants are further encompassed by this aspect of the present 
invention provided that such fragments retain the property of 
interacting with androgen receptor as an androgen receptor 
transcriptional coregulatory protein. It will be appreciated by 
those of skill in the art that fragments of ARTs are readily 
obtained by enzymatic or chemical cleavage or by cloning nested 
deletions generated, for instance, by Bal31 nuclease or other 
similar acting nucleases. 

[0057] It should be understood that when the term "antibody" 
or "antibodies" is used with respect to the antibody embodiment 
of the present invention, this is intended to include intact 
antibodies, such as polyclonal antibodies or monoclonal 
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antibodies (mAbs) , as well as proteolytic fragments thereof such 
as the Fab or F(ab')2 fragments. Furthermore, the DNA encoding 
the variable region of the antibody can be inserted into other 
antibodies to produce chimeric antibodies (see, for example, U.S. 
Patent 4,816,567) or into T-cell receptors to produce T-cells 
with the same broad specificity (Eshhar et al . , 1990; Gross et 
al., 1989). Single chain antibodies can also be produced and 
used. Single chain antibodies can be single chain composite 
polypeptides having antigen binding capabilities and comprising a 
pair of amino acid "sequences homologous or analogous to the r — 1 
variable regions of an immunoglobulin light and heavy chain 
(linked V H -V L or single chain F v ) . Both V H and V L may copy 
natural monoclonal antibody sequences or one or both of the 
chains may comprise a CDR-FR construct of the type described in 
U.S. Patent 5,091,513 (the entire contents of which are hereby 
incorporated herein by reference) . The separate polypeptides 
analogous to the variable regions of the light and heavy chains 
are held together by a polypeptide linker. Methods of production 
of such single chain antibodies, particularly where the DNA 
encoding the polypeptide structures of the V H and V L chains are 
known, may be accomplished in accordance with the methods 
described, for example, in U.S. Patents 4', 946,778, 5,091, 513 and 
5,096,815, the entire contents of each of which are hereby 
incorporated herein by reference. 
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[0058] A "molecule having the antigen-binding portion of an 
antibody, " is intended to include not only intact immunoglobulin 
molecules of any isotype and generated by any animal cell line or 
microorganism, but also the antigen-binding reactive fraction 
thereof, including, but not limited to, the Fab fragment, the 
Fab 1 fragment, the F(ab')2 fragment, the variable portion of the 
heavy and/or light chains thereof, and chimeric or single-chain 
antibodies incorporating such reactive fraction, as well as any 
other type of molecule or cell in which such antibody reactive 
fraction has been physically inserted, such as a chimerrc T-cell 
receptor or a T-cell having such a receptor, or molecules 
developed to deliver therapeutic moieties by means of a portion 
of the molecule containing such a reactive fraction. Such 
molecules may be provided by any known technique, including, but 
not limited to, enzymatic cleavage, peptide synthesis or 
recombinant techniques . 

[0059] An antibody is said to be "capable of binding" a 
molecule if it is capable of specifically reacting with the 
molecule to thereby bind the molecule to the antibody. The term 
"epitope" is meant to refer to that portion of any molecule 
capable of being bound by an antibody which can also be 
recognized by that antibody. Epitopes or "antigenic 
determinants" usually consist of chemically active surface 
groupings of molecules such as amino acids or sugar side chains 
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and have specific three dimensional structural characteristics as 
well as specific charge characteristics. 

[0060] An "antigen" is a molecule or a portion of a molecule 
capable of being bound by an antibody which is additionally 
capable of inducing an animal to produce antibody capable of 
binding to an epitope of that antigen. An antigen may have one 
or more than one epitope. The specific reaction referred to 
above is meant to indicate that the antigen will react, in a 
highly selective manner, with its corresponding antibody and not 
with the* multitude of other antibodies which may be evoked by \ 
other antigens. 

[0061] The molecule having the antigen binding portion of an 
antibody according to the present invention can be used for 
treating an androgen-dependent disease by administering an 
effective amount of the molecule to a patient in need thereof. 
Preferably, the administration of an effective amount of the 
molecule is in the form of a composition which includes a 
pharmaceutically acceptable excipient, diluent, carrier or 
auxiliary agent. Non-limiting examples of androgen-dependent 
diseases or diseases in which specific ARTs may have clinical 
relevance include prostate cancer, benign prostatic hyperplasia 
(BPH) , androgen-dependent hair loss, age-related alopecia, 
polycystic ovary disease, AR related intersex disorders such as 
hypogonadism, testicular feminization, or 5-alpha reductase 
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deficiencies, and age-related hypogonadal effects such as loss of 
muscle mass or fatigue. In the most common clinical disorders of 
increased androgen stimulation such as prostate cancer, BPH, and 
hair loss, the therapeutic strategy would require disruption of 
ART to AR interaction. This could be achieved with antibodies or 
could be potentially achieved through small molecules that 
disrupt of ART-AR interaction or through gene therapy approaches 
to affect AFT expression, such as creation of dominant negative 
ARTs, or antisense RNA inhibition of ART expression. In cases of 
"decreased androgen stimulation such as 'age-related hypogonadal '■ 
states, ARTs could be overexpressed to increase AR activity while 
avoiding the potentially carcinogenic effects of exogenous 
androgens on the prostate. 

[0062] The present invention also provides for an isolated 
nucleic acid molecule, i.e., DNA molecule, which includes a 
nucleotide sequence that encodes for an ART containing any one 
amino acid sequence of SEQ ID NO:4, SEQ ID NO:6, SEQ ID NO : 8 , or 
SEQ ID NO: 10. The nucleotide sequence preferably contains any 
one of SEQ ID NO : 3 (ARTS), SEQ ID NO : 5 (ART 3 7 ) , SEQ ID NO : 7 
(ART 6) , or SEQ ID NO : 9 (ART2). Also encompassed by the present 
invention are a self -replicable vector carrying the DNA molecule 
encoding an ART, a host cell, which can be either prokaryotic or 
eukaryotic, transformed with the ART encoding DNA molecule, and a 
process for producing an ART. The process for producing an 
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androgen receptor transcriptional coregulatory protein, which is 
also known as ART, involves cultivating the host cell transformed 
with the DNA encoding ART to produce the ART protein and then 
recovering the produced ART protein. 

[0063] Another aspect of the present invention relates to an 
antisense oligonucleotide complementary to a messenger RNA 
transcribed from the DNA molecule encoding an ART. This 
antisense oligonucleotide inhibits the production of an ART 
protein which interacts with the androgen receptor and is 
preferably a DNA oligonucleotide . - The- length of the antisense 
oligonucleotide is preferably between 9 and 150, more preferably 
between 12 and 60, and most preferably between 15 and 50 
nucleotides. Suitable antisense oligonucleotides that inhibit 
the production of the ART protein of the present invention from 
its encoding mRNA can be readily determined with only routine 
experimentation through the use of a series of overlapping 
oligonucleotides similar to "gene walking" techniques that are 
well-known in the art. Such "walking" techniques as well-known 
in the art of antisense development can be done with synthetic 
oligonucleotides to walk along the entire length of the sequence 
complementary to the mRNA in segments on the order of 9 to 150 
nucleotides in length. This "gene walking" technique will 
identify the oligonucleotides that are complementary to 
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accessible regions on the target mRNA and exert inhibitory 
an ti sense activity . 

[0064] Alternatively, an oligonucleotide based on the coding 
sequence of an ART protein which interacts with the androgen 
receptor N-terminus can be designed using Oligo 4.0 (National 
Biosciences, Inc.) . Antisense molecules may also be designed to 
inhibit translation of an mRNA into a polypeptide by preparing an 
antisense which will bind in the region spanning approximately 
-10 to +10 nucleotides at the 5 f end of the coding sequence. 

[0065] The mechanism of- action of antisense RNA and the 
current state of the art on use of antisense tools is reviewed in 
Kumar et al. , (1998). The use of antisense oligonucleotides in 
inhibition of BMP receptor synthesis has been described by Yeh et 
al., (1998). The use of antisense oligonucleotides for inhibiting 
the synthesis of the voltage-dependent potassium channel gene 
Kvl . 4 has been described by Meiri et al. , (1998) . The use of 
antisense oligonucleotides for inhibition of the synthesis of 
Bcl-x has been described by Kondo et al., (1998) . 

[0066] The therapeutic use of antisense drugs is discussed by 
Stix in'Sci. Amer. 279, p. 46, 50, 1998, Flanagan, Cancer 
Metastasis Rev. 17, p. 169-76, 1998, Guinot and Temsamani, 
Pathol. Biol. (Paris) 46, p. 347-54, 1998, and references 
therein . 
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[0067] Modifications of oligonucleotides that enhance desired 
properties are generally used when designing antisense 
oligonucleotides. For instance, phosphorothioate bonds are used 
instead of the phosphoester bonds that naturally occur in DNA, 
mainly because such phosphorothioate oligonucleotides are less 
prone to degradation by cellular enzymes. Peng et al . teach that 
undesired in vivo side effects of phosphorothioate 
oligonucleotides may be reduced when using a mixed 
phosphodiester-phosphorothioate backbone . Preferably, 2 1 - 
methoxyribonucleotide modifications in 60% of the •oligonucleotide 
is used. Such modified oligonucleotides are capable of eliciting 
an antisense effect comparable to the effect observed with 
phosphorothioate oligonucleotides. Peng et al. teach further that 
oligonucleotide analogs incapable of supporting ribonuclease H 
activity are inactive. 

[0068] Therefore, the preferred antisense oligonucleotide of 
the invention has a mixed phosphodiester-phosphorothioate 
backbone. Preferably, 2 1 -methoxyribonucleotide modifications in 
about 30% to 80%, more preferably about 60%, of the 
oligonucleotide are used. 

[0069] In order to be effective as a therapeutic, the 
antisense oligonucleotides of the present invention must travel 
across cell membranes. In general, antisense oligonucleotides 
have the ability to cross cell membranes, apparently by uptake 
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via specific receptors. As the antisense oligonucleotides are 
single-stranded molecules, they are to a degree hydrophobic, 
which enhances passive diffusion through membranes. 
Modifications may be introduced to an antisense oligonucleotide 
to improve its ability to cross membranes. For instance, the 
oligonucleotide molecule may be linked to a group which includes 
partially unsaturated aliphatic hydrocarbon chain and one or more 
polar or charged groups such as carboxylic acid groups, ester 
groups, and alcohol groups. Alternatively, oligonucleotides may 
"'be 'linked to peptide structures, which -are prefexably 

membranotropic peptides. Such modified oligonucleotides penetrate 
membranes more easily, which is critical for their function and 
may therefore significantly enhance their activity. Palmityl- 
linked oligonucleotides have been described by Gerster et al. , 
(1998). Geraniol-linked oligonucleotides have been described by 
Shoji et al., (1998). Oligonucleotides linked to peptides, e.g., 
membranotropic peptides, and their preparation have been 
described by Soukchareun et al., (1998). Modifications of 
antisense molecules or other drugs that target the molecule to 
certain cells and enhance uptake of the oligonucleotide by said 
cells are described by Wang, (1998). 

[0070] Drug development efforts entail an iterative process of 
isolating small molecules with a desired biological or 
biochemical property, defining the mechanism of action and 



- 30 - 



refining the structure to achieve more specific or potent 
effects. As information accumulates about the role coactivators 
and corepressors play in regulating transcriptional activity of 
androgen receptor (AR) , it is of interest to develop small 
molecules that modulate protein-protein interactions as potential 
therapeutic agents. Thus, a further important aspect of the 
present invention relates to a method of screening for and 
identifying inhibitors that disrupt the interaction between 
androgen receptor and an androgen receptor transcriptional 
coregulatory protein. - -~ 

[0071] To identify cell-permeating small molecules that target 
ARaf-i-ART interaction, a high throughput p-galactosidase assay 
based on the modified yeast two-hybrid system can be utilized as 
one embodiment of the present method. By adapting the growth and 
assay of yeast to a 96-well microtiter format, quantitative data 
from a large number of samples can be generated with minimal 
effort and reagent expenditure. For example, a library 
containing 15,000 compounds that consists of a set of 
structurally diverse small molecules (300-500 daltons) that vary 
in functional groups and charge can be initially screened. This 
library is available commercially from Chembrige Corporation 
(Diverse E) and represents a unique set of small molecules, 
rationally preselected to form a "universal" library that yields 
the maximum diversity with the minimum number of compounds. This 
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library is geared for primary screening against a wide range of 
biological targets, including those where no structural 
information is available. Recently, a compound from this library 
has been used successfully to isolate a novel inhibitor of 
mitotic spindle formation. 

[0072] A 100 [il volume of a log phase culture of yeast 
containing AR AF _i and ART will be dispensed into round bottom 96- 
well microtiter plate preloaded with 5 |il of the compound (5 
jxg/ml in DMSO) to be tested, treated for 8 hours, and the p- 
galactosidase activity will be measured using a temperature 
controlled microtiter plate reader. Those compounds that inhibit 
AR-ART interaction will have lower p-galactosidase activity than 
mock treated control cells and will be analyzed further. 1000 
compounds a week can be easily assayed using this format. An 
inherent problem with this type of screen is the ability of yeast 
cells to take up the compound. To circumvent this potential 
problem, yeast mutants with increased permeability or higher 
general uptake, such as the erg6 strain, can be used. 

[0073] A two-hybrid system adapted for use in mammalian cells, 
such as the CHECKMATE mammalian two-hybrid system (Promega, 
Madison, WI) described in Promega Technical Manual No. 049, 
revised June 2000, which is available at www . promega . com and is 
incorporated herein entirely by reference can also be employed to 
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identify small molecules that disrupt AR-ART interaction. In 
this system, for instance, ART-27 is cloned into a vector that 
encodes the Gal4 DNA binding domain and AR AF-1 is placed 
upstream of the herpes simplex virus VP16 activation domain to 
generate fusion proteins. The pGAL 4 -ART 9 7 and pVP16 AR^f-i are 
transfected into HeLa cells (or CHO, 293, PC3 mammalian cells) 
along with a pG5 luciferase (reporter gene containing five Gal4 
binding sites upstream of a minimal TATA box, which in turn is 
upstream of the firefly luciferase gene) . Two to three days 
after transf ection , - the cells -are lysed and the amount of 
luciferase is quantitated. Interaction between ART-27 and AR 
fusion proteins results in an increase in luciferase expression 
over the negative control. The growth and luciferase assay of. 
mammalian cells can be adapted to a 96-well microtiter format and 
a library that consists of a set of structurally diverse small 
molecules (300-500 daltons) that vary in functional groups and 
charge can be initially screened. A 50,000/well of mammalian 
cells will be transfected with pGAL4 -ART2 7 and pVP16 AR AF _i along 
with pG5 luciferase reporter construct, and 2-24 hours later, 
will be treated with 5 jal of the potential inhibitor compound (5 
|ag/ml in DMSO) to be tested for 8-48 hours and the luciferase 
activity will be measured. Those compounds that inhibit AF-ART 
interaction will have lower luciferase activity than mock treated 
control cells and will be analyzed further. 
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[0074] Potential false positives are also expected from such 
in vivo screening methods and include generalized toxicity, 
inhibitors of LacZ or luciferase reporter gene expression or 
enzymatic activity, general transcription inhibitors, and DNA 
binding inhibitors. Such nonspecific compounds could be 
eliminated in a secondary screen involving unrelated proteins 
interacting in the context of the two-hybrid system. 
Alternatively, a variation of the two-hybrid assay in which 
disruption of a protein-protein interaction has been developed 
and is designated "the spilt^hybrid system. This approach permits- 
the identification of molecules that abrogate or "split" the 
association of two interacting protein. In the present 
invention, activation of a reporter gene would result from the 
dissociation of AR AF _i-ART interaction and should eliminate 
potential false positives due to toxicity in the conventional 
assay. The split-hybrid system may also provide a greater degree 
of sensitivity, allowing the detection of compounds that only 
moderately affect AR-ART interactions. The split-hybrid system 
will be employed if a large number of false positives are 
identified using the modified yeast two-hybrid system. As an 
additional test for specificity, whether or not molecules that 
dissociate AR-ART interaction in yeast also disrupt protein- 
protein interaction in vitro, using a GST pull-down assay 
described previously will be examined. It is anticipated that 
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prototype compounds that disrupt AR-ART interaction in the yeast 
two-hybrid assay should also dissociate the interaction in a GST 
pull-down experiment . 

[0075] Alternatively, dissociating peptides using the modified 
yeast two hybrid system can also be identified. Currently, 
peptides are typically not useful as therapeutics due to their 
poor stability and problems inherent in their delivery. However, 
peptides can be used as lead molecules for chemical design of 
small organic molecules and also can be used in functional 
studies. " - 

[0076] The effect of such prototype molecules on sequence- 
specific transcriptional activation by AR will be examined. PC3 
cells will be transf ected ■ wi th CMV-hAR, an ARE-linked luciferase 
reporter gene and treated with the AR-ART inhibitor for 8 hours- 
or with vehicle control, and reporter gene activity will be 
measured in the presence and absence of the synthetic androgen 
R1881. It is anticipated that molecules that disrupt AR- 
coactivator interaction reduce AR transactivation. Toxicity of 
the compound toward mammalian cells will also be monitored via 
morphological observation, cellular proliferation assays and 
through the use of vital stain. If toxicity is apparent, then 
shorter treatment regimes will be employed. Whether or not the 
prototype compound can inhibit the AR-dependent growth of LNCaP 
cells in culture will also be examined. 
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[0077] While other suitable methods of screening for and 
identifying inhibitors of AR-ART interaction as coactivator 
assays are intended to be encompassed, the present invention 
preferably utilizes some form of a two-hybrid system, be it a 
yeast based system, such as the system described in Hittelman et 
al. (1999), or a mammalian based system, such as the CHECKMATE 
mammalian two-hybrid system of Promega Corp., Madison, WI . The 
basis of two-hybrid systems as a commonly used method for 
detecting protein to protein interactions in vivo, is the modular 
domains found in some transcription factors," i . e . , ^a 'DNA-binding 
domain, which binds to a specific DNA sequence, and a 
transcriptional activation domain, which interacts with the basal 
transcriptional machinery. A transcriptional activation domain 
in association with a DNA-binding domain may promote the assembly 
of RNA polymerase II complexes at the TATA box and increase 
transcription. For example, the DNA-binding domain and the 
transcriptional activation domain, which may be produced by 
separate plasmids, are closely associated when one protein fused 
to a DNA-binding domain interacts with a second protein fused to 
a transcriptional activation domain such that interaction of the 
first protein with the second protein, i.e., AR with ART, results 
in transcription of a reporter sequence or a selectable marker 
sequence . 
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[0078] In the method of screening for and identifying „ 
inhibitors that disrupt AR-ART interaction, androgen receptor and 
ART protein, such as an ART protein containing an amino acid 
sequence of SEQ ID NO:2, SEQ ID NO : 4 , SEQ ID NO:6, SEQ ID NO:8, 
SEQ ID NO:10, SEQ ID NO:12, or SEQ ID NO:14, are incubated with 
or without a potential inhibitor. The potential inhibitor is 
identified as an inhibitor when the level of activity of a 
receptor gene product or a selectable marker gene product in the 
presence of the potential inhibitor is substantially less than 
>JiV the level of activity of the same reporter or -'marker gene product 
in the absence of the potential inhibitor. This inhibitor, once 
identified, can be isolated. Both the human and the rat androgen 
receptor can be suitably used in this method because the rat and 
human androgen receptors are very similar. The rat androgen 
receptor was observed to function indistinguishably in human and 
rodent cells, suggesting that the factors utilized by the 
receptor are conserved between species. 

[0079] The present invention further provides for an inhibitor 
isolated according to the method of the present invention as well 
as a method of using this inhibitor to inhibit the interaction 
between androgen receptor and an androgen receptor 
transcriptional coregulatory protein . 

[0080] Having now generally described the invention, the same 
will be more readily understood through reference to the 
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following example which is provided by way 
not intended to be limiting of the present 



of illustration 
invention . 



and is 



EXAMPLE 

EXPERIMENT Ali PROCEDURES 
Construction of plasmids 

[0081] Yeast expression vectors for the LexA-AR fusion 
protein, LexA-ARis-soo/ were created by digesting the rat AR N- 
terminus with EcoRI and Xhol and subcloned into pEG202 vector 
digested with- EcoRI -and* Xhol . The subregions of the rat AR N — ■ !r *"~ 
terminus (LexA-ARi 8 _i 5 6, LexA-ARi53-3 36 and LexA-AR 3 3 6 - 5 oo) were 
subcloned from LexA-ARi 8 _ 5 oo as follows: for LexA-ARi8-is6, 
PEG202,: AR18-500 was digested with EcoRI and PvuII and the insert 
was ligated into pEG202 digested with NotI , the 5' overhang 
filled in with DNA polymerase Klenow fragment to create a blunt 
end, and EcoRI; for LexA-ARi53-336, pEG202 : ARia-soq was digested with 
BstYI and Aflll, the ends were filled in with Klenow, and the 
insert was ligated into pEG202 digested with BamHX and Xhol with 
ends filled in; for LexA-AR336-soo, pEG202 : ARie-soo was digested with 
BstYI and Xhol and the insert was ligated into pEG202 digested 
with BamHI and Xhol . To express these fusion proteins in a 
mammalian system, the LexA DNA-binding domain AR N-terminal 
fusions from PEG202 were subcloned by digestion with tfindlll and 
Xhol, and the insert was ligated into pcDNA3 digested with 



- 38 - 



Hindlll and Xhol . Yeast two-hybrid 'bait 1 proteins, B42-AR 18 - 156/ 
B42-AR153-336, B42-AR 3 36-50o and B42-ARi 8 - 5 oo were constructed by 
subcloning respective EcoRI-XhoI fragments from pEG202 into the 
corresponding sites in pJG4-5. The LexA-LNCaP cell cDNA library 
was purchased from Origene Technologies, Inc (Rockville, MD) . 
The rat AR ligand binding domain (AR579-901) was amplified by PCR 
using the following primers: forward primer with a Bglll site, 
S'-AGATCTTAAGCAGAAATGATTGCACCATTG-B* (SEQ ID NO: 15); reverse 
primer with a Xhol site, S'-GTAGATAAAGGTGTGTGTCACTGAGCTC-S' (SEQ 
ID NO: 16) . The PGR- product was ligated into pGEM : T-easy (Prbmega^ 
Corporation, Madison, Wisconsin) and digested with Bglll and 
Xhol, and the insert was ligated into pEG202 digested with BamUI 
and Xhol. pEG202 : AR579-901 was then digested with EcoRI and Xhol 
and the insert was ligated into pJG4-5 digested with EcoRI and 
Xhol . 

[0082] The LexA-ART-27 C-terminal truncations 1-45, 1-67, and 
1-127 were constructed by digesting pEG202 : ART-27 with PvuII, 
BspMI and Styl, respectively, filling in their 5' overhangs with 
Klenow, digesting with Mlul (upstream pEG202 site) and ligating 
the inserts into pEG202 digested with NotI, the 5' overhang 
filled in, and subsequently, Mlul. The LexA-ART-27 N-terminal 
truncations 46-157, 68-157 and 127-157 were constructed by 
digesting pEG202 : ART-27 as follows: for LexA-ART-27 46 _ 157 , 
pEG202 : ART-27 was digested with PvuII and Xhol and the insert was 
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ligated into pEG202 digested with BamHI, the 5* overhang filled 
in with Klenow, and Xhol ; for LexA-ART-27 68 _ 157 , pEG202 : ART-27 was 
digested with BspMI, the 5' overhang filled in with Klenow, and 
Xhol, and the insert was ligated into pEG202 digested with BamHI, 
the 5* overhang filled in with Klenow, and Xhol; for LexA-ART- 
27i27-i57 , pEG202 : ART-27 was digested with Styl, the 5' overhang 
filled in with Klenow, and Xbal , and the insert was ligated into 
pEG202 digested with EcoRI, the 5' overhang filled in, and Xjbal . 
For LexA-ART-27i_ 45 /i27-i57 , PCR primers were designed as follows: 
ART-27y_45 forward pEG2 02 primer, S'-TTGGGGTTATTGGCAACGG-^' : ( SEQ ID 
NO:17), reverse primer with BamHI site, 

5'-GAACTGGATCCCTGCTCATATACCTTGTCTCGATG-3' (SEQ ID NO:18); 
ART-27i27-i57 forward primer with BamHI site 

5'-GAACTGGATCCACCAAGGACTCCATG-3' (SEQ ID NO:19); reverse pEG202 
primer, 5'-CGGAATTAGCTTGGCTGC-3' (SEQ ID NO: 20) . The two separate 
fragments were amplified via PCR and the resulting products were 
digested as follows: ART-27!-4 5 with EcoRI and BamHI, ART-27i 2 7-i57 
with BamHI and Xhol, and the two inserts were ligated together 
into pEG202 digested with EcoRI and Xhol. 

[0083] The two ART-27 derivatives used in the mammalian cell 
culture experiments were constructed as follows: using EcoRI- 
Xhol, ART-27 was subcloned from pEG202 : ART-27 into a pcDNA3 
vector that has an N-terminal HA epitope (pCDNA3-HA) in the same 
reading frame as the LexA moiety in pEG202 with respect to the 
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EcoRI site; ART-27i_i 2 7 was subcloned from pEG202 : ART-27i_ 12 7 into 
pcDNA3-HA, pJG4-5 : Spl 83 -262, pJG4-5 : Spl 2 63-542, pJG4-5 : TAF130 2 7o-7oo, 
and pJG4-5 : CREB 3 _ 296 were provided by N. Tanese (New York 
University School of Medicine, New York). pJG4-5 : SRC-I374-800 was 
provided by H. Samuels (New York University School of Medicine, 
New York). p JG4 -5 : GRi 0 7- 2 37 was previously described (Hittelman et 
al . , 1999). The pJK103 reporter plasmid, which contains a single 
LexA operator linked to p-galactosidase, was used in all activity 
assays of the LexA fusion proteins and in the modified two-hybrid 
assay." ' The pA4X-LALO-lucif erase reporter plasmid; 'which contains 
four LexA operators upstream of a minimal Drosophila alcohol 
dehydrogenase promoter linked to luciferase, was used in 
mammalian activity assays to monitor the intrinsic 
transcriptional activity of the LexA fusion proteins. The 
pcDNA3:hAR expression plasmid was used to produce full length 
human AR, pMMTV : luciferase reporter was used to assay AR 
transcriptional activity, while pCMV:LacZ constituti vely 
expressed p-galactosidase, a marker for efficiency of 
trans feet ion . 

Modified yeast two-hybrid approach 

[0084] The modified yeast two hybrid assay is described in 
Hittelman et al., 1999. EGY188 was transformed by the lithium 
acetate method with (i) pJG4-5 : AR18-500/ (ii) pEG202:LNCaP cell 
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cDNA library and (iii) pJK103, a p-galactosidase reporter gene 
with a single LexA operator. Potential interacting proteins were 
selected by plating the cDNA library expressing transf ormant s 
onto galactose plates lacking leucine and containing X-gal. 

Quantitative liquid p-galactosidase assay 

[0085] Yeast were grown in selective liquid media containing 
2% glucose for approximately 12 hours, pelleted, washed once with 
sterile H 2 0, normalized according to cell number and resuspended 
to an optical density (OD 6 oo) of 0.15 in" 2% galactose/1% 
raffinose. p-galactosidase assays were performed 12 hours later 
as described previously (Garabedian et al . , 1992). 

Northern blotting 

[0086] Cells were cultured in 100 mm dishes for indicated 
periods of time with appropriate treatments, the media aspirated 
and cells lysed directly on the dishes by adding 3 ml/dish of RNA 
STAT-60 reagent (Tel-Test, Inc., Friendswood, TX) . Total RNA was 
isolated from cell homogenates as per the manufacturer's 
instructions, denatured at 65DC for 15 min, chilled on ice and 
separated on a 1.2% agarose - 6% formaldehyde denaturing gel (10 
lag RNA/lane) . Equivalent loading was verified by ethidium 
bromide staining of ribosomal RNA. RNA was transferred to 
"Duralon" (Stratagene, San Diego, CA) , UV-crosslinked to the 
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membrane and hybridized to a cDNA probe using QuikHyb 
hybridization mix (Stratagene, San Diego, CA) as described by the 
manufacturer. cDNA fragments encoding ART-5, -27 and -37 were 
labeled with [a-32p] dCTP using RediPrime random priming labeling 
kit (Amersham Pharmacia Biotech, Piscataway, NJ) using the 
manufacturer's instructions- Blots were washed and exposed to 
Kodak BioMax film at -80°C for autoradiography. Hybridization of 
ARTs to multiple tissue northern blot membrane (Clontech, Palo 
Alto, CA) was performed as per the manufacturer's instructions. 

In vitro co-immunoprecipitation 

[0087] Full length AR and HA-ART-27 were translated in vitro 
using TNT Quick Coupled Transcription/Translation System 
(Promega, Madison, WI) in the presence of [ 35 S] -methionine . The 
radiolabeled proteins were incubated as indicated in binding 
buffer (20mM Tris pH7.9, 170 mM KC1, 20% glycerol, 0.2 mM EDTA, 
0.05% Nonidet P-40 (NP-40), 0 . 1 mM phenylmethylsulf onyl fluoride 
(PMSF), 1 mM dithiothreitol (DTT) and 4 mg/ml bovine serum 
albumin (BSA) ) for 1 hour at 4-C. 1 p.g of a-HA (12CA5) antibody 
(Boehringer Mannheim, Indianapolis, IN) was incubated with the 
radiolabeled proteins for 1 hour at 4 Q C. 30 (il of Protein A 
Sepharose Fast Flow beads (Amersham Pharmacia Biotech) were 
incubated with the respective reaction mixes for an additional 
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hour at 4 e C. The beads were washed three times in wash buffer 
(20 mM Tris pH 7.9, 170 mM KC1, 20% glycerol, 0.2 mM EDTA, 0.05% 
NP-40) , resuspended in 2X SDS sample buffer and boiled for 3 
minutes; the associated proteins were resolved by SDS-PAGE and 
visualized by autoradiography. 

Mammalian cell culture and transient transfection assays 

[0088] A human cervical carcinoma cell line (HeLa) , a human 
prostate cancer cell line (PC-3), and an SV40 T-antigen 
expressing monkey kidney cells (COS-1) cells were obtained from ' ^ 
the ATCC and maintained in Dulbecco's modified Eagle's Medium 

( DMEM ; Life Technologies, Grand Island, NY) supplemented with 10% 
fetal bovine serum (FBS; HyClone Laboratories, Inc., Logan, UT), 
50 U/ml each of penicillin and streptomycin (Life Technologies) 
and 2 mM L-glutamine (Life Technologies) . The androgen-dependent 
prostate cancer cell line (LNCaP) was maintained in RPMI-1640 

(Life Technologies) supplemented with 10% FBS, 50 units/ml each 
of Penicillin and Streptomycin and 2 mM L-Glutamine. For 
transf ections , HeLa cells were seeded in 35 mm dishes at a 
density of 1.3 x 10 5 , washed once with serum-free medium and 
transf ected with 0.2 ng pcDNA3:hAR, 0.1 ^g pMMTV-Luc, 0.05 ng 
pCMV-LacZ, and the indicated concentrations of pcDNA3 : HA-ART-27 , 
or derivative thereof, using 5 [il of lipof ectamine reagent (Life 
Technologies) in a total volume of 1 ml of serum-free, phenol 
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red-free DMEM per 35 mm dish according to the manufacturer's 
instructions- Approximately four hours pos t-transf ection, the 
transfection mix was removed, the cells were refed with 2 ml of 
DMEM-10% FBS, allowed to recover for 3-5 hours, and were fed 
again with fresh DMEM-10% FBS supplemented with 100 nM R1881 or 
an identical volume of 100% ethanol and incubated for 12 hours. 
Transfected cells were washed once in phosphate-buffered saline 
and harvested in IX reporter lysis buffer (Promega) as per the 
manufacturer's instructions. PC-3 cells were seeded in 35 mm 
dishes at a density of 1.1 x 10 5 and transfected as abovev Tof 
assay LexA-AR N-terminus derivatives in HeLa cells, 0.5 |ig 
pcDNA3-LexA: AR N-terminus derivative, 1.0 \ig pCDNA3-HA : ART-27 , or 
empty vector, 1.0 |ig pA4X-LALO-Luc reporter, and 0.25 jag pCMV- 
LacZ were transfected using 6 jal of lipof ectamine . Lucif erase 
activity was quantitated in a reaction mixture containing 25 mM 
glycylglycine, pH 7 . 8 , 15 mM MgS0 4 , 1 mM ATP, 0.1 mg/ml BSA, 1 mM 
DTT using a Lumen LB 9507 luminometer (EG&G Berthold) and 1 mM D- 
luciferin (Pharmingen) as substrate. 

Immunoblotting 

[0089] Yeast protein extracts were prepared from 2 ml cultures 
and lysed using glass beads as previously described (Knoblauch et 
al., 1999). Lysates from mammalian cells were prepared as 
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described in Hittleman et al. , (1999). Extracts were normalized 
according to the Bradford protein assay (Bio-Rad) and separated 
on SDS - 4-20%polyacrylamide gels (Novex) and transferred to 
Immobilon paper (Millipore) . Membranes were probed with a 
polyclonal antibody against LexA (a gift from E. Golemis) or a 
monoclonal antibody to HA (12CA5; Boehringer Mannheim). The 
blots were developed using horseradish peroxidase-coupled donkey 
anti-rabbit or sheep anti-mouse antibodies and enhanced 
chemiluminescence (ECL) ( Amersham-Pharmacia ) . 

Subcellular localization of AH-ART27 

[0090] Hela cells were seeded onto poly-D-lysine coated cover 
slips, transfected with pcDNA3-HA-ART-27 , and 24 hours later, the 
cells were washed 5 times with PBS and fixed in 4% 
paraformaldehyde in PBS for 20 min at room temperature. Cells 
were then permeabili zed by incubating with 0.2% Triton X-100 
(Bio-Rad Laboratories, Hercules, CA) in PBS and then incubated 
with 100 |al of the HA-antibody (12CA5) diluted to a concentration 
of 2 |ig/ml in blocking solution (5% BSA/TBS) for 2 hours at room 
temperature. Cells were washed five times in 1 ml of Triton X- 
100 in PBS, followed by incubation with goat anti-mouse 
rhodamine-con j ugated secondary antibody (Vector Labs), diluted in 
blocking solution, for four hours at room temperature. Secondary 
antibody was removed by washing the cells five times in PBS. To 
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visualize nuclei, cells were then incubated in 1 |ig/ml of Hoechst 
dye H334211 for 10 minutes, followed by one wash with PBS. Cover 
slips were mounted onto Citifluor (Ted Pella, Redding, CA) , and 
the fluorescein and Hoechst signals were visualized and 
photographed using a Zeiss Axioplan 2 microscope. 

Immuno -his tochemi s try protocol for staining prostate tissue with 
polyclonal affinity purified rabbit ART-2 7 -antibody 

[0091] The protocol for immunohistochemical staining of 

prostate tissue with polyclonal affinity purified rabbit ART-27 

antibody is as follows: 

1. Use 5-7 micrometer thick tissue sections on charged 
slides . 

2. Deparaf f inization sequence: Xylene 3min x 4 washes, 
100% EtOH 3min x 2 washes, 95% EtOH 3min x 2 washes, 
rinse in distilled H 2 0. 

3. Antigen retrieval with Target retrieval solution 
from DAKO sold as lOx premade solution that needs to 
be diluted to lx, 500cc is generally sufficient. 
Samples placed in microwave for 15 minutes. 

4 . Remove samples from microwave and cool down to room 
temperature; use cold room to facilitate this step. 

5. 3% hydrogen peroxide for 10-15 minutes 

6. Rinse in dH 2 0 
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7 . Apply PAP pen around the tissue on the slide and 
place in lx PBS (Shandoh Cadenza buffer preferred 
delivered as 30ml volumes that need to be diluted 
with 970ml of dH20.) for 3-5 minutes. 

8. Block tissue with 20% normal goat serum for 30 
minutes 

9. Apply primary ART-27 antibody 1:100 dilution for 35- 
40 minutes at room temperature 

10. lx PBS 5min x 3 washes 

11. Apply secondary antibody (Vector anti-rabbit 
affinity purified) 1: 200 dilution for 30 minutes 

12. lx PBS 5min x 3 washes 

13. Streptavidin orange (Biomeda) 1-2 drops per slide 
for 30 minutes. 

14 . lx PBS 5min x 3 washes 

15. DAB staining (follow instructions in the kit) for 
60-90 seconds in the dark. 

16. lx PBS quick 3 washes 

17. Rinse in dH20 

18. Hemotaxylin 1 min followed with running water 

19. Acid alcohol 2-3 dips followed with running water 

20. Ammonia water 2-3 dips followed with running water 

21. Drying sequence: 95% EtOH 3min x 2 washes, 100% EtOH 
3min x 2 washes, Xylene 3min x 4 washes. 
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22. Cover tissue with "Premium Cover Glass" cover slips 
from Fisher 24x50mm. 



RESULTS 

[0092] To identify proteins that interact with the androgen 
receptor N-terminus, a modified yeast two-hybrid system that 
allows one to identify factors expressed in the prostate which 
associate with transcriptional activators was used. An androgen- 
stimulated LNCaP prostate cancer cell cDNA library fused to the 
LexA - DNA - binding domain was screened for proteins that ' interact " 
with the androgen receptor N-terminal transcriptional activation 
domain encompassing receptor residues 18 through 500 (using the 
rat androgen receptor number scheme) . This library was used to 
search for androgen receptor interacting proteins for several 
reasons. First, this library is prostate-specific, being derived 
from a well-characterized androgen receptor-expressing androgen- 
dependent prostate cancer cell line. Second, androgen receptor 
in LNCaP cells activates transcription of a bona fide androgen 
receptor-responsive gene (e.g., PSA), which implies that the 
androgen receptor cofactors required for its regulation are 
present. Third, choosing androgen-stimulated LNCaP cells as the 
source of mRNA from which the library was produced also allows 
for the enrichment and detection of androgen-inducible androgen 
receptor-associated factors. In principle, androgen-regula ted 
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androgen receptor-interacting cofactors may represent a means 
through which androgen receptor-dependent transcriptional 
activity is modulated. Finally, since LNCaP cells are androgen- 
dependent for growth, the use of this library increases the 
likelihood of identifying cofactors that regulate the androgen 
receptor mitogenic response. 

[0093] Out of approximately one million library transf ormants , 
eight clones were isolated that interact with the androgen 
receptor N-terminus. There protein factors were termed ARTs, for 
Androgen Receptor Trapped, by the present inventorsv— The eight* 
ART clones were sequenced and were subjected to a database search 
using the BLAST program. A quantitative liquid beta- 
galactosidase assay was used to measure the relative strength of 
interaction between the androgen receptor N-terminus and the ARTs 
using the yeast two-hybrid system. The levels of expression of 
the ARTs in yeast were similar, as determined by immunoblotting 
using an antibody to the LexA DNA-binding domain that is common 
to all of the ARTs. 

[0094] Figure 1A shows the results of the search of the NCBI 
and Swissprot databases using the BLAST search program for 
homologies to known proteins and quantitative analysis of the 
relative strength of ART interactions with androgen receptor N- 
terminus. ARTs expressed as fusion proteins with the LexA DNA 
binding domain were analyzed for their ability to interact with 
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ARi8-soo- The relative strength of interaction was determined by a 
quantitative liquid beta-galactosidase assay after a twelve hour 
incubation in galactose-containing media at 30°C. The LexA 
vector alone gives 1 unit of activity. 

[0095] The strongest androgen receptor N-terminal interacting 
proteins, in decreasing order of affinity, are ART-37, ART-5, and 
ART-27. Art-37 and ART-5 are proteins of unknown function 
represented in the Expressed Sequence Tag (EST) database, whereas 
r p ART-27 is identical to ubiquitously expressed transcript (UXT ) , a 

" ' £0' recently identified open reading frame" on the' X chromosome 

M 

it (Xpll . 23-11 . 22) that encodes a putative -18 kDa protein of 

m 

u j unknown function (Schroer et al . , 1999). 

[0096] Intermediate strength interactors include ART-6, an 

id 

^fi EST, and ART-15, which is identical to ATBFla, a transcription 

en 

f ^ factor containing multiple zinc finger and homeodomain motifs 
that was isolated in a screen for proteins that bind to the 
alpha-f etoprotein enhancer (Visakorpi et al, 1995b) . Weak 
interactors include ART- 9 , which corresponds to ZNF160 (Halford 
et al., 1995), a zinc finger containing protein of unknown 
function, and ART -2 and ART-3, which are present in the EST 
database . 
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ART interaction specificity 

[0097] To analyze the specificity of ART interaction, the 
capacity of the strongest androgen receptor N-terminus- 
interacting factors to associate with a panel of transcriptional 
regulatory proteins in the modified yeast two-hybrid assay was 
examined. ART-5 , ART-27, and ART-37 were tested for interaction 
with SplA (Spl 8 3-262) / SplB (Spl263-524 ) the cyclic AMP response 
element binding protein (CREB3-296) / TBP-associated factor 130 
(TAFnl30 2 7o-7oo) / the glucocorticoid receptor AF1 (GR107-237) , and 
the steroid receptor coactivator-1 (-SRG-I374-800) • 

[0098] Figure IB shows the specificity of ART-37, ART-27 and 
ART-5 with androgen receptor (AR) N-terminus (18-500), androgen 
receptor ligand-binding domain (579-901) and other 
transcriptional regulatory factors was analyzed using the 
modified yeast two-hybrid assay. The strength of interaction was 
determined by a qualitative plate beta-galactosidase assay after 
a 24 hour incubation on galactose X-gal plates at 30 Q C. Strong 
interactions ( + ) represent blue colonies, and (-) represents no 
interactions above background "vector only" (white colony) . 

[0099] From Figure IB, it can be seen that ART-5 interacts 
exclusively with the androgen receptor N-terminus, whereas ART-27 
interacts with the androgen receptor (AR) and glucocorticoid 
receptor (GR) N-termini, as well as with Spl and with TAFnl30, 
but not with SRC-1 or CREB . No interaction between the androgen 
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receptor ligand binding domain and ART-5, ART-27, or ART-37 was 
observed in either the absence or presence of hormone. In 
contrast, ART-37 is relatively promiscuous, interacting with 
virtually all of the transcriptional regulators examined. These 
results indicate that ART-5 interacts rather specifically with 
the androgen receptor N-terminus, ART-27 displays less 
selectivity, interacting with the androgen receptor N-terminus 
and with certain other transcriptional regulatory factors 
including TAFnl30, whereas ART-37 is unable to discriminate 
among the factors examined. •* '. ; 

ART and mRNA expression 

[00100] Using ART-5 , ART-27, and ART-37, Northern blot 

analysis was performed on mRNA isolated from androgen-independent 
(PC-3) and androgen-dependent (LNCaP) prostate cancer cells, 
either untreated or stimulated for 72 hours with the synthetic 
androgen R1881 at the concentrations indicated in Figure 2 (right 
panel). In this analysis, equal amounts of RNA were separated on 
denaturing f ormaldehyde-agarose gels, transferred to Duralon 
nylon membrane, and hybridized to 32 P-labeled cDNA probes 
corresponding to ART-37, ART-27 and ART-5 (right panel) . Equal 
loading for each lane was determined by ethidium bromide staining 
of the 28S rRNA (not shown) . A human multiple tissue northern 
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blot (Clontech: MTN Blot IV) containing 2 micrograms of poly A+ 
mRNA from the tissues indicated was hybridized with 32 P-labeled 
probes corresponding to ART-37, ART-27, and ART -5 (left panel) . 
It was found that ART-37 mRNA (-1.2-kb) was highly expressed in 
PC-3 cells relative to LNCaP cells, while ART-5 (-1.4 kb) steady 
state mRNA concentration was similar in both cell types. 

[00101] In examining whether androgens regulate ART 

expression in LNCaP cells, it was found that ART-27 and ART-4 
showed a small increase in steady state mRNA expression in LNCaP 
cells in response -to increasing concentrations of androgen. ART- 
37 RNA levels were however hot affected. 

[00102] As shown in Figure 2 (left panel), multiple human 

tissue blots were probed for ART expression. ART-5, ART-27 and 
ART-37 appear to be widely expressed in human tissues 5 , including 
normal human prostate tissue. ART-27 mRNA appears uniformly 
expressed in the tissues examined. In contrast, ART-37 and ART-5 
mRNA expression varies among tissues, with the highest level of 
ART-37 mRNA in the testis and lowest in the thymus. ART 5 
expression was found to be greatest in the small intestine and 
lowest in the colon. These results indicate that ART-5, ART-27 
and ART-37 are expressed in a variety of normal human tissues and 
display differential patterns of expression in prostate cancer 
cell lines. 
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ART- 2 7 localizes predominantly to the nucleus 

[00103] Since the ART-27 cDNA clone isolated in the 

screens contains the complete coding sequence, a mammalian 
expression vector was created for the full-length ART-27 
containing a HA-epitope tag at its N-terminus. HeLa cells were 
transiently transfected with an HA-ART-27 construct, fixed, 
permeabilized, and incubated with an anti-HA primary antibody, a 
corresponding rhodamine-con j ugated secondary antibody, and the 
DNA in the nucleus was stained with Hoechst dye H334211. The 
rhodamine^and Hoechst fluorescent signals were visualized using a 
Zeiss Axioplan 2 fluorescence microscope- No signal was observed 
above background when the primary antibody was omitted and the 
cells were stained with the rhodamine-con j ugated secondary 
antibody (not shown) . ART-27 was found to localize predominantly 
to the nucleus, although some diffuse staining was apparent in 
the cytoplasm of cells expressing high levels of the protein, as 
shown in Figures 3A and 3B. This predominant nuclear 
distribution of ART-27 is consistent with its role as a 
transcriptional regulatory protein . 

[00104] Figure 4 shows immunoblotting with nuclear 

extracts derived from different indicated cell types using an 
ART-27-specif ic polyclonal antibody. An affinity purified 
polyclonal antibody raised against the C-terminus of human ART-27 
was used to probe nuclear extracts from HeLa and PC3 cells. An 
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ART-27 immunoreactive band of apparent MW -18 kDa was observed to 
co-migrate with ART-27 expressed in COS-1 cells. 

ART-27 interacts with androgen receptor in vitro 

[00105] The ability of ART-27 and AR to interact was also 

tested in vitro. Full length androgen receptor and HA-ART-27 
were expressed in a coupled transcription/translation system in 
the presence of 35 S methionine, in the absence or presence of 100 
nM R1881, as indicated in Figure 5, and immunoprecipi tated with 
an antibody against the epitope on ART-27 HA. Bound ' proteins 
were collected on Protein A Sepharose beads, washed, eluted, and 
resolved by SDS-PAGE and visualized by autoradiography. In this 
co-immunoprecipitation assay, in vitro translated full length HA- 
ART-27 bound in vitro synthesized androgen receptor in the 
presence and absence of the hormone, as shown in Figure 5. 
Androgen receptor was not immunoprecipitated with the HA-antibody 
in the absence of coexpressed AH-ART-27 . These results 
substantiate the androgen receptor-ART-27 interaction observed in 
the yeast two-hybrid system. 

Domains involved in androgen receptor-ART-27 interaction. 

[00106] To locate the region (s) within the androgen 

receptor N-terminus that interacts with ART-27, ARis-soo was 
divided into three subdomains: ARie-ise^ ARi53_336, and AR336-500/ and 
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the relative affinity of ART-27 for these subdomains was assessed 
using the modified yeast interaction- trap assay (Fig.6A). The 
dark gray boxes in Figure 6A represent AF-la and AF-lb, and the 
light gray box denotes the glutamine (Q) repeat region. Data 
represent the mean of triplicate data points normalized to cell 
number. It was found that ART-27 has the highest affinity for 
the AR153-336 region, a region encompassing all of AF-la (residues 
154-167) and a small part of the AF-lb residues (295-259) . A 
weak interaction between ART-27 and the AR336-500 subdomain was 
also observed, whereas no interaction was detected" between ART -0.1 
and ARi8-i56- Immunoblot analysis of the ARis-ise, AR153-336, and AR336- 
500 derivatives indicated that they are expressed at similar 
levels (not shown) . These findings suggest that the AR153-336 
region is the primary androgen receptor N-terminal interaction 
site for ART-27. 

[00107] In an attempt to localize the region of ART-27 

that interacts with the androgen receptor N-terminus, a series of 
ART-27 B and C-terminal derivatives were created. ART-27 
derivatives containing amino acids 1-45, 1-67, 1-127, 46-157, 68- 
157, 127-157, 1-157, and 1-45/127-157 were expressed as fusion 
proteins with LexA. These derivatives were tested for their 
ability to interact with the androgen receptor N-terminus (ARi 8 _ 
500) • The strength of interaction was determined by a qualitative 
plate beta-galactosidase assay after a 24 hour incubation on 
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galactose X-gal plates at 30-C. Strong interactions (+) 
represent blue colonies, and (-) represents no interactions above 
background "vector only" control (white colony) . The left panel 
of Figure 6B shows an immunoblot of the ART-27 derivatives 
expressed in yeast and probed with an antibody against the LexA 
moiety common to all ART-27 truncations. Surprisingly, none of 
the N- or C-terminal deletion derivatives interacted with ARi 8 _ 5 oo 
(Figure 6B) , even though all of the ART-27 derivatives were 
expressed (Figure 5B, left panel). This result suggests that 
"either ART-27 required multiple contacts for 'interaction with.wthe 
androgen receptor N-terminus or that the entire protein is 
involved in configuring a functional AR interacting surface. 

ART-27 enhances androgen receptor ligand-dependent 
transcriptional activation in mammalian cells 

[00108] Since ART-27 interacts with the androgen receptor 

N-terminus, it was anticipated that ART-27 would play a role in 

androgen receptor-dependent transcriptional regulation. To 

establish whether overexpression of ART-27 affects androgen 

receptor transcriptional activities, androgen receptor deficient 

HeLa cells (Fig.7A) and PC-3 cells (Fig.7B), both AR deficient, 

were transfected with a constant amount of full length androgen 

receptor and increasing concentrations of an expression vector 

encoding a full length HA-tagged ART-27 (2 micrograms per dish) 
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along with an AR-responsive luciferase reporter gene and CMV- 
beta-galactosidase (0.5 microgram per dish) as an internal 
standard for transfection efficiency. Adding empty expression 
vector equalized the total amount of DNA per dish. The cells 
were treated with the 100 nM R1881 (shaded bars) or the ethanol 
vehicle (white bars) for twelve hours and androgen receptor 
transcriptional activation was assayed, normalized to beta- 
galactosidase activity, and expressed as relative luminescence 
units (RLU) . The average of three independent experiments is 
shown with standard error. 

[00109] As shown in Figure 7A, hormone-dependent androgen 

receptor transcriptional activation was increased in a dose- 
dependent manner when ART-27 is overexpressed . This effect was 
dependent on androgen receptor, since in the absence of androgen 
receptor, ART-27 did not influence reporter gene activity 
(Figures 7A and 7B) . To ensure that this enhanced 

transcriptional activity was not the result of increased androgen 
receptor protein production, protein expression was monitored, 
and it was found that androgen receptor levels were not affected 
by ART-27 coexpression (not shown) . 

[00110] The effect of ART-27 on androgen receptor was not 

restricted to a single cell type, since overexpression of ART-27 
in PC-3 and COS-1 cells also resulted in a dose-dependent 
increase in androgen receptor transcriptional activity (Figure 7B 
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and not shown) . Androgen receptor ligand-independent 
transcriptional activation was also increased when ART-27 is 
overexpressed at the highest concentrations in both PC-3 and HeLa 
cells. Thus, ART-27 expression enhances the androgen receptor- 
dependent transcriptional response, both ligand-dependent and 
ligand-independent , which suggests that ART-27 can act as a 
regulator of androgen receptor transcriptional activity in 
mammalian cells. 

[00111] It was next determined whether an ART-27 

derivative lacking the androgen receptor-interacting region and fr 
incapable of interacting with androgen receptor was capable of 
affecting androgen receptor-mediated transcriptional activity. 
HeLa cells were transfected with androgen receptor, along with an 
androgen receptor-responsive luciferase reporter gene and either 
an empty expression vector, full length ART (1-157), or a C- 
terminal deletion derivative of ART-27 (1-127) that was unable to 
interact with the androgen receptor N-terminus in the two-hybrid 
assay. Androgen receptor activity was determined in the presence 
of 100 nM R1881 as described for Figures 7A and 7B. The data 
represent the mean of duplicate data points normalized to beta- 
galactosidase units . 

[00112] As shown in Figure 8, whereas full length ART-27 

is capable of enhancing androgen receptor transcriptional 
activity, ART-27i_i 2 7 is not, even though they are expressed to 
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comparable levels. These results indicate that the enhanced 
androgen receptor transacti vation observed upon ART-27 
overexpression is dependent upon an androgen receptor-ART-27 
interaction- 



Enhanced androgen receptor-dependent transcriptional activation 
by ART-27 is mediated through a distinct receptor N-terminal 
domain 

[00113] Because ART-27 interacts most strongly with the 

androgen receptor subdomain spanning amino acids 153-336 
(Fig.6A), it is expected that" it • would " affect the transcriptional 
activation potential of this androgen receptor subdomain. To. 
determine if ART-27 could affect the function of the different 
androgen receptor subdomains, androgen receptor N-terminal 
derivatives containing amino acids 18-156, 153-336, 336-500, and 
18-500 were expressed as fusion proteins with the LexA DNA 
binding domain. HeLa cells were transiently transfected with the. 
LexA:AR N-terminal derivatives and either an empty expression 
vector (white bars in Figure 9A) or full length HA-ART-27 (shaded 
bars) along with an LexA responsive-lucif erase reporter gene. 
Androgen receptor activity was determined as in Figures 7A and 7B 
in the presence or absence of ART-27. In the absence of ART-27 
coexpression, all four subdomains of the androgen receptor N- 
terminus were capable of activating transcription of the LexA- 
luciferase reporter gene to varying degrees, as shown in Figure 
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9A. Importantly, overexpression of ART-27 enhances the 
transcriptional activity to two androgen receptor derivatives 
containing the ART-27 interaction regions, LexA-ARi 5 3_336, and Lex- 
AR18-500/ but not the transcriptional activity of the derivatives 
lacking the primary ART-27 interaction regions, LexA-AR is-156 and 
LexA-AR336-5oo • In fact, transcriptional activation of the LexA- 
AR336-500 derivative was slightly reduced by ART-27 overexpression, 
suggesting that ART-27 may interact with and sequester a factor 
responsible for androgen receptor transactivation via the 336-500 
subdomain . 

[00114] To verify that the expression of the LexArAR 

derivatives was not affected by ART-27 overexpression, a parallel 
set of t ransf ections were analyzed by immunoblot ting with a 
polyclonal antibody to LexA. As shown in Figure 9B, expression 
of these chimeras is unaffected by coexpression of ART-27 in HeLa 
cells. These results indicate that the enhanced androgen 
receptor transcriptional activation observed upon ART-27 
overexpression depends upon the ART-27-androgen receptor- 
interacting portion . 

ART-27 overexpression affects androgen receptor ligand potency 

[00115] It has recently been shown that overexpression of 

steroid receptor coactivators and corepressors can influence the 
dose response curve, effectively lowering or raising the 
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threshold of hormone necessary to achieve transcriptional 
activation (Szapary et al . , 1999). To examine whether ART-27 
overexpression shifts the dose response curve of androgen 
receptor to androgen, HeLa cells were transfected with a constant 
amount of androgen receptor (0.2 microgram/dish) , empty 
expression vector (white bars in Fig. 10) or HA-ART-27 
(1 microgram/dish) (shaded bars in Fig. 10) and an androgen 
receptor responsive reporter gene (0.1 micrograms per dish). The 
cells were treated with the ethanol vehicle (-) or with the 
indicated amounts (Fig.lO)" of R1881 for twelve hours and androgen" 
receptor transcriptional activation was assayed as for Figures 7A 
and 7B. The (-) lane represents cells transfected with an 
expression vector encoding LexA alone. 

[00116] The results shown in Figure 10 demonstrate that 

the androgen receptor transcriptional response observed in the 
absence of ART-27 is achieved at a lower ligand concentration in 
the presence of ART-27. For example, the androgen receptor 
transcriptional response observed at 10~ 9 M R1881 in the absence 
of ART-27 is achieved at a ten-fold lower ligand concentration 
(10~ 10 M R1881) in the presence of ART-27 (Fig. 10). Thus, 
overexpression of ART-27 not only affects ligand efficacy 
(maximal activation levels at saturating hormone concentrations), 
but also ligand potency (responding to lower concentration of 
androgen) , suggesting that ART-27 plays important roles in 
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determining the sensitivity and activity of androgen receptor to 
androgen in target cells. 

ART-27 enhances GR and ER alpha -dependent transcriptional 
activation 

[00117] HeLa cells were transfected with expression 

plamids for (A) human glucocorticoid receptor (GR) (Fig.llA) or 
the human estrogen receptor alpha (+ER) (Fig.llB) and ART-27 at 
the indicated amounts along with a GRE or ERE-Lucif erase reporter 
construct (2 |ig/dish) and CMV-p-galactosidase (0.5 |ig/dish) as an 
internal standard for transfection efficiency. Adding empty 
expression vector equalized the total amount of DNA per dish. 
Cells were treated with 100 nM Dexamtheasone (Dex) or 17-b- 
estradiol (Estradiol) (shaded bars) or the ethanol vehicle (white 
bars) for 12 hr and receptor transcriptional activation was 
assayed, normalized to p-galactosidase activity and expressed as 
relative luminescence units (RLU) . The average of three 
independent experiments is shown with standard error. 

ART-27 enhances ER alpha, but not ER beta- dependent 
transcriptional activation 

[00118] In Figure 12, U20S cells were transfected with 

expression plasmids for human estrogen receptor alpha (+ER a) or 

the human estrogen receptor beta (+ER J3) and ART-27 at the 
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indicated amounts along with an ERE-Lucif erase reporter construct 
and CMV-p-galactosidase as an internal standard for transfection 
efficiency. Adding empty expression vector equalized the total 
amount of DNA per dish. Cells were treated with 100 nM 17-p- 
estradiol for 12 hours and receptor transcriptional activation 
was assayed, normalized to p-galactosidase activity and expressed 
as relative luminescence units (RLU) . It can be seen that ER 
alpha interacts with ART-27 in the yeast two hybrid system, 
whereas ER beta does not. Therefore, the effect of ART-27 on ER 
transcriptional activation correlates with its ability to 
interact . 

ART-27 expression in matched normal and tumor tissues 

[00119] Matched Normal and Tumor Expression Array 

(Clontech) was hybridized with ART-27 cDNA (Figures 13A and 13B) 
mRNAs from matched normal (N) and tumor (T) specimens from the 
indicated tissues were reversed transcribed into cDNA and arrayed 
onto a filter. Fig.l3A is 4-hour exposure (short) and Fig.l3B is 
a 16 hour exposure (long) of the filter. It can be seen that 
ART-27 mRNA is most abundant in normal prostate and is 
overexpressed in at least one prostate tumor, the single cervical 
tumor sample and several uterine tumor specimens. Expression of 
ART-27 is low in normal and tumor breast, ovary and lung samples. 
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Regulation of ART -2 7 protein expression in a rat androgen - 
depletion model 

[00120] The endogenous expression of ART-27 was also 

examined in a rat androgen-depletion model. Rats were castrated 

to cause withdrawal of testicular androgens and atrophy of the 

prostate gland. Later, androgens were then re-administered 

resulting in cellular proliferation and recapitulation of the 

prostate. In this experiment (Figure 14), prostates were 

dissected from rats and lysates were made under the following 

conditions; untreated (con) , 96-hours post-castration (cas) , 96 

hours post-castration plus 48 hours treatment with androgens 

(A24), and 96 hours post-castration plus 72 hours treatment with 

androgens (A48) . The lysates were then normalized for protein 

expression and used for Western blot analysis. The filters were 

incubated with antibodies against proliferating cell nuclear 

antigen (PCNA - a marker for cellular proliferation), clusterin 

(a marker for apoptosis), ART-27, and MAP kinase (MAPK) as an 

internal control for protein loading of the gel. As expected, 

PCNA expression is abolished following castration, and 

upregulated upon re-administration of androgens when prostate 

cells are once again proliferating. The expression of clusterin, 

which is also known as testosterone repressed prostate message-2 

(TRMP-2), is normally low, and greatly upregulated following 

castration . 
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[00121] The results show that while MAPK is represented 

approximately equally in all lanes, ART-27 protein is 
dramatically reduced following androgen withdrawal (cas) , but is 
abundant when androgens are available (cas, A24 and A48). Thus, 
ART-27 is present in prostate tissue and the results suggest that 
it is regulated by androgens, consistent with the hypothesis that 
ART-27 plays a role in AR-mediated cell growth and transcription. 

ART-27 expression in human prostate by immunohi s t ochemi s try 

[00122] Examination of ART-27 immunoreactivity ' on archival 

formalin fixed paraffin sections shows strong epithelial cell 
staining in human prostate tissue . Figure 15A shows 
immunohist ochemi cal analysis of paraffin embedded human prostate 
tissue treated with affinity purified ART-27 antibody (400x 
magnification) . Arrows indicate antibody reactivity with nuclei 
of epithelial cells. Stromal cells, which are oriented 
horizontally to the two epithelial cell layers are visible in the 
central portion of Fig. 15A and do not appear to express ART-27. 
Figure 15B shows staining in paraffin embedded archival tissue 
from a prostate carcinoma (2x magnification) . The upper right 
diagonal field is "normal" while the lower left diagonal field is 
carcinoma as indicated in that the nepotistic glands have 
infiltrative growth and aberrant prostatic architecture. The 
staining is seen in both basal and luminal epithelial cells and 
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there is little, if any staining in stromal tissue. Importantly, 
since androgen receptor expression also occurs in the prostate 
epithelial cells, ART-27 is found to be expressed in androgen 
receptor positive cells in the prostate. 

Immunoblot analysis of ART-27 expression In primary human 
prostate cells 

[00123] To further characterize the tissue specific 

expression of ART-27, expression using explant cultures from 

primary human epithelial and stromal cells was examined. Protein 

extracts were made from primary human stromal ,# or epithelial cell' 

explant cultures. Proteins were run on an acrylamide gel, 

transferred to nitrocellulose, and incubated with antibodies. 

against either ART-27 or MAPK (as an internal loading control). 

Consistent with in vivo results from immunohi stochemistry , ART-27 

is found to be highly expressed in epithelial cells, and 

expressed at low levels, if at all, in stromal cells (Figure 

16) . 

DISCUSSION 

[00124] ART-27 has thus been identified as a protein that 

interacts with the androgen receptor N-terminal subdomain 
spanning amino acids 153-336, a region that encompasses the whole 
of AF-la (154-167) and part of AF-lb (295-459), and enhances 
androgen receptor transcriptional activation when overexpressed 
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in mammalian cells. The ability of ART-27 to affect androgen 
receptor transcription activation depends upon the ART-27 
androgen receptor-interacting region, since only the androgen 
receptor N-terminal derivatives containing the interaction domain 
are enhanced by ART-27 coexpression . Thus, ART-27 represents an 
androgen receptor N- terminus-associated coactivator . 

[00125] ART-27 was originally identified in a screen for 

novel genes that map to the human Xpll locus, a region previously 
shown to contain an abundance of disease loci, which led to the 
identification of a novel ubiquitously -expressed transcript 
(UXT) (Schroer et al . , 1999). The results obtained herein suggest 
that ART-2 7 /UXT functions as a transcriptional coactivator, 
increasing androgen receptor-dependent transcriptional activation 
through direct binding to the androgen receptor N-terminus. 
Interestingly, ART-27 and androgen receptor reside in an amplicon 
found in a subset of hormone-refractory prostate cancers, 
suggesting that ART-27 may play a role in androgen receptor- 
dependent prostate tumorigenesis (Visakorpi et al . , 1995a and 
1995b) . It may be possible that progression to hormone- 
refractory prostate cancer may occur through the amplification of 
the androgen receptor gene and its cognate N-terminal 
coactivator, ART-27, resulting in greater sensitivity to low 
levels of circulating androgens. Consistent with this 
hypothesis, ART-27 overexpression appears to affect androgen 
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receptor ligand potency and lowers the threshold concentration or 
androgen required for full androgen receptor-dependent 
transcriptional activation . 

[00126] One potential explanation for why the entire ART- 

27 protein is required for interaction with androgen receptor is 
that ART-27 may associate with the androgen receptor N-terminus 
through multiple low affinity interactions, and removal of any 
one of these contacts renders ART-27 incapable of association. 
Alternatively, the complete ART-27 may be involved in configuring 
a functional protein and its-integrity may be compromised upon*- 
deletion of any region. Secondary structure predictions for ART- 
27 suggest that it is composed of four contiguous alpha-helices. 
Whether each helix represents an independent interaction surface 
for androgen receptor or these helices function together to 
coordinate the tertiary structure of the protein in vivo will 
require a detailed structure-function analysis of ART-27. 

[00127] The mechanism by which ART-27 affects androgen 

receptor-mediated transcriptional activation has not yet been 
defined. ART-27 is a comparatively small protein with a 
predicted molecular mass of -18 kDa, and has little 
transcriptional activation ability when tethered to DNA in yeast, 
suggesting that it does not initiate transcription directly. 
Since many of the transcriptional regulatory cofactors have 
recently been identified as components of multiprotein complexes, 
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it is possible that ART-27 may represent a subunit of a 
previously characterized (e.g., DRIP /TRAP /ARC or TFIID),or novel 
multi protein coactivator complex (Glass et al . , 2000). Although 
many of the proteins in the DRIP/TRAP/ARC complex have been 
identified, several low molecular weight species have yet to be 
analyzed, which may include ART-27. It is interesting to note 
that ART-27 interacts with TAFnl30 in the yeast two-hybrid 
assay, suggesting that ART-27 communicates with at least one 
member for the TFIID complex. Preliminary studies also suggest 
that TAFnl30 interacts with 'and increases androgen receptor 
transcriptional activation via the androgen receptor N-terminal 
subregion 336-500. Since ART-27 and TAFnl30 interact in the 
system shown in Figure IB, it is believed that the reduced 
transcriptional activation of the LexA-AR33 6-500 derivative upon 
ART-27 overexpression (Figure 9) represents the sequestration of 
TAFnl30 by ART-27. Alternatively, since ART-27 also interacts 
weakly with AR336-500/ it may associate with this domain in a non- 
productive fashion and inhibit its function. 

[00128] Thus, the androgen receptor N-terminus appears to 

be a multifaceted platform capable of interacting with a variety 
of transcriptional regulatory proteins, including ART-27, which 
collaborate with to regulate gene- and tissue-specific responses 
to androgen receptor. Consistent with this notion, the 
coactivators SRC-1, GRIP-1 and CBP have recently been shown to 
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interact with the androgen receptor N-terminus and modulate its 
activity (Bevan et al . , 1999; Alen et al., 1999; Ikonen et al., 
1997 and Ma et al., 1999) ART-27 and other ARTs represent an 
important new class of prognostic markers and therapeutic targets 
for prostate cancer and other androgen receptor-dependent 
maladies, including benign prostate hyperplasia and androgen- 
dependent hair loss. 

[00129] Having now fully described this invention, it will 

be appreciated that by those skilled in the art that the same can 
be performed within* a wide range of equivalent parameters, '* 
concentrations, and conditions without departing from the spirit 
and scope of the invention and without undue experimentation. 

[00130] While this invention has been described in 

connection with specific embodiments thereof, it will be 
understood that it is capable of further modifications. This 
application is intended to cover any variations, uses, or 
adaptations of the inventions following, in general, the 
principles of the invention and including such departures from 
the present disclosure as come within known or customary practice 
within the art to which, the invention pertains and as may be 
applied to the essential features hereinbefore set forth as 
follows in the scope of the appended claims. 

[00131] All references cited herein, including journal 

articles or abstracts, published or unpublished U.S. or foreign 
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patent applications, issued U.S. or foreign patents, or any other 
references, are entirely incorporated by reference herein, 
including all data, tables, figures, and text presented in the 
cited references. Additionally, the entire contents of the 
references cited within the references cited herein are also 
entirely incorporated by reference. 

[00132] Reference to known method steps, conventional 

method steps, known methods or conventional methods is not in any 
way an admission that any aspect, description or embodiment of 
the present Invention is disclosed, taught or suggested in the^"" 
relevant art. 

[00133] The foregoing description of the specific 

embodiments will so fully reveal the general nature of the 
invention that others can, by applying knowledge within the skill 
of the art (including the contents of the references cited 
herein) , readily modify and/or adapt for various applications 
such specific embodiments, without undue experimentation, without 
departing from the general concept of the present invention. 
Therefore, such adaptations and modifications are intended to be 
within the meaning and range of equivalents of the disclosed 
embodiments, based on the teaching and guidance presented herein. 
It is to be understood that the phraseology or terminology herein 
is for the purpose of description and not of limitation, such 
that the terminology or phraseology of the present specification 
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is to be interpreted by the skilled artisan in light of the 
teachings and guidance presented herein, in combination with the 
knowledge of one of ordinary skill in the art. 
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